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Passage of chloroquine into semen 
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The passage of chloroquine into semen was investigated in four healthy men following the 
oral administration of four chloroquine sulphate tablets (600 mg base) to each subject. 
Chloroquine was found to be excreted into semen with a slow transfer rate constant of 
0.0002 min~', and the semen/plasma ratio based ón regression analysis was 0.40 + 0.06 
(mean + s.d.). It is concluded that the passage of chloroquine from plasma to semen 


occurs by passive diffusion. 
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Introduction 


Chloroquine is the drug of choice for the sup- 
pressive treatment of malaria. Its use in the 
treatment of malaria and rheumatoid arthritis 
has been associated with dose related side effects 
(Alving et al., 1948; Fisk-Homberg et al., 1979). 
Reports have noted the teratogenic and embryo- 
toxic potential of chloroquine consumption in 
humans (Jellife, 1976; Lewis et al., 1973; Hall, 


1976; Hart & Naunton, 1964). The impact of- 


chloroquine in male fertility is not as well esta- 
blished. 

Chronic administration of aspirin (a cyclo- 
oxygenase inhibitor) alters prostaglandin levels 
in the semen of various animal models and man 
(Collier & Flower, 1971; Jubiz & Frailey, 1973). 
Alterations in the rate of formation of sperma- 
tozoa and a decrease in the weight of the 
accessory organs of reproduction, possibly 
secondary to alterations in prostaglandin for- 
mation, have been reported in the rat (Didolkal 
et al., 1980; Scott & Persaud, 1978). Chloroquine 
(phospholipases inhibitor, Matsuzawa & 
Hostetler, 1980a, b) has an inbitory effect on 
prostaglandin formation, and like aspirin it 
could have an effect on the rate of formation of 
spermatozoa. However, no evidence has been 
presented to this effect. Also, no evidence has 


been presented to demonstrate whether chloro- 
quine crosses tissue barriers and acts directly in 
semen. 

Lutwak-Mann et al. (1964) first demonstrated 
that thalidomide, a known teratogen in the 
female, was excreted in semen and produced a 
teratogenic effect when administered to male 
rabbits. Chronic administration of this drug to 
male rabbits before mating with naive females 
led to a high incidence of spontaneous abortion, 
an increase in malformations, low birth weights, 
and a reduced number of offsprings. Moreover, 
male-mediated dominant lethal mutations have 
been suggested following caffeine administration 
to mice, although this conclusion has been 
questioned (Wethersbee et al., 1977; Jacobson et 
al., 1981). Drugs excreted in semen may have 
adverse effects on women. For example, a case 
report of contact vaginitis from vinblastine in 
semen has been presented (Paladine et al., 1975). 

The present study was designed to: (1) deter- 
mine whether chloroquine is excreted in semen; 
(2) determine the semen/plasma concentrations 
ratio of chloroquine following a single oral dose 
of 600 mg chloroquine base; and (3) determine 
whether the passage of chloroquine into semen 
is by passive diffusion. 
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Methods 


With informed consent four healthy men, volun- 
teered for the study. The subjects were between 
28 to 35 years of age, and 55 to 65 kg in weight. 
All subjects were free of medication for at least 2 
weeks before the study. Four tablets of chloro- 
quine sulphate (600 mg base) (Nivaquine®, 
May & Baker, Nigeria) were taken by mouth 
with 200 ml of water. 

Each subject collected a baseline semen 
specimen by either masturbation or ejaculation; 
control blood (5 ml), and mixed unstimulated 
saliva (5 ml) samples were obtained prior to drug 
ingestion. Semen, saliva and blood samples were 
obtained at 2, 6, 24, 48, 72, 96, 120, 144, 168 h 
after drug administration. Semen samples were 
collected in sterile glass containers. The blood 
was centrifuged at 1500 rev min“ and the plasma 
separated for chloroquine determination. Saliva 
collection was included in the protocol for the 
determination of unbound chloroquine since 
saliva levels of chloroquine have been shown to 
be equivalent to the unbound levels of this drug 
in the plasma (Ette etal., 1986). The pH of saliva 
and semen samples was measured immediately 
after collection. The saliva was centrifuged to 
remove mucoid sediments. All samples were 
stored at -20° C until analysed for chloroquine. 

In another experiment, the partition co- 
efficient of chloroquine was measured in 
n-octanol/0.05m phosphate buffer (pH 7.4). 

Chloroquine was measured by the combination 
of thin-layer chromatography and spectro- 
photometric procedure (Essien, 1978). The 
sensitivity of the method was increased by 
basifying the silica. With basification, the sensi- 
tivity of the method was 80 ng ml” at which 
concentration the coefficient of variation was 
7.53%. This method is specific for chloroquine 
separating it from its dealkylated metabolites 
and other potentially interfering metabolites. 

Areas under the concentration-time curves 
for plasma (AUCp), saliva (AUCsa), semen 
(AUCse) from the time of drug administration 
to the conclusion of sampling (0-168 h) were 
determined by the linear trapezoidal rule and 
extrapolated to infinity using the elimination 
rate constant. The elimination rate constant (B) 
was determined from the disposition curves by 
linear least-squares regression analysis. 

The rate of transfer (K) of chloroquine into 
the semen from the plasma was estimated using 
the equation of Mayer et al. (1959): 


Cse 
Cpl 


where Cp is the concentration of the unbound 
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drug in plasma water (equivalent to saliva drug 
concentration (Csa) (Ette etal., 1986), and C,, is 
the semen drug concentration. 

The semen:plasma chloroquine level relation- 
ships were obtained by linear least-squares re- 
gression analysis of two variables subject to 
error (Wald, 1940). 

The paired Student’s t-test with P<0.05 was 
used to determine whether the chloroquine 
levels in the semen were significantly related to 
those in the plasma. 


Results 


The pharmacokinetic parameters are presented 


in Table 1. The extent of chloroquine availability 
in semen is significantly lower (P<0.05) than 
that of the plasma (Table 1). The semen: plasma 
chloroquine concentration ratio (0.40 + 0.06, 
Figure 1) obtained from regression analysis was 
in agreement with the value of 0.39 + 0.04 
obtained from the ratio of the AUCse: AUCp. 

The partition coefficient of chloroquine was 
found to be 3.52 + 0.35 and the transfer rate 


constant 0.0002 min=!. 


Discussion 


The results of this study show that chloroquine is 
secreted into semen. The elimination half-life 
(ty, ,) of chloroquine in the plasma is very similar 
to that previously reported by Walker et al. 
(1983) who collected samples for the same dura- 
tion as that used in this study. However, it is at 
variance with a value of 8.9 days reported by 
Gustaffson et al. (1983) who collected samples 
for 56 days. The significantly lower (P<0.05) 
ty could probably be due to a lower affinity of 
the drug for semen proteins and phospholipids. 
However, the affinity of the drug for semen 
components was beyond the scope of this study. 

The chloroquine level in the semen was found 
to be highly correlated (r = 0.80) with the 
plasma chloroquine level. The semen:plasma 
chloroquine concentrations ratio (0.40 + 0.06) 
obtained by regression analysis is in agreement 
with a theoretical value of 0.40 obtained using 
the equation: 


Coe 1 + 10(PK#-P Hse) 
Cy 1 + 10K*-PHP) 


where pHse is semen pH (7.8 + 0.1), and pHp is 
plasma pH (7.4), while the average pKa of 
chloroquine is 9.5. 

The above equation has been applied to the 
distribution by passive diffusion of weak electro- 
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Table 1 Some pharmacokinetic parameters (mean + s.d.) of chloroquine 


in saliva, plasma and semen 





Parameter Saliva 


Plasma Semen 





AUCo_168 n (wg mi~? h) 162.11 + 5.20% 319.64 + 9.50 
210.11 + 7.12% 414.51 + 13.71 158.27 + 9.81? 


AUCo 00 (vg mI“ h) 


124.27 + 6.27° 





B (h7!) 0.008 + 0.002 0.008 + 0.001 0.010 + 0.006° 
ty, (h) 91.20 + 10.22° 88.80 +9.98 67.20 + 5.39° 
a= P<0.05 
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r=0.80 
L 
E20 
4 e 
b 
c 
5 
o 
o 
2 
G e 
Cc 
® 1.0 
€ 
D 
(dp) @ 
ð 
0 1.0 2.0 3.0 40 5.0 


Plasma chloroquine (pg mi~!) 


Figure 1 Relationship between semen and plasma chloroquine levels. Each point represents a mean of 
four readings from four subjects. B = estimated slope, r = correlation coefficient. There was a 
statistically significant relationship (P<0.05) between the semen and plasma levels of chloroquine. 


lytes across cell membranes (Kakemi et al., 
1969), gastric mucosa (Hogben et al., 1957), and 
cerebrospinal fluid barrier (Rall et al., 1959). 
Thus, the passage of chloroquine into the semen 
occurs by passive diffusion. 

The rate at which chloroquine passes from 
plasma into the semen appears to be governed 
by the physical characteristics of the compound. 
The two important physical properties appear to 
be: (1) the dissociation constant, which deter- 
mines the concentration of the undissociated 
drug form; and (2) the lipid solubility of the 
undissociated drug form. This may be explained 
on the assumption that the barrier between the 
plasma and the semen behaves towards xeno- 
biotics as a lipid barrier. 


However, lipid solubility is probably the 
dominant characteristic since the relevance of 
the degree of dissociation is probably due to the 
lipid solubility of organic ions. This is emphasized 
by the slow transfer of chloroquine into the 
semen. Despite the high lipid solubility of the 
unionized form of this drug, it passes into the 
semen rather slowly because of the relatively 
high semen pH. The high degree of ionization of 
chloroquine at plasma pH (99.213%) also 
accounts for the low level of the drug in the 
semen. 

The results presented in this paper suggest 
that the blood-semen barrier is qualitatively 
similar to the barrier between blood and the 
gastrointestinal tract. Many drugs cross these 
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boundaries by passive diffusion according to the 
extent of the unionized molecules (Schanker et 
al., 1958). Thus, the simple principle that a lipid 
bilayer separates living cells from their environ- 
ment, explains the transfer of chloroquine from 
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